Objective: To describe the epidemiology of HIV-1 infection in pregnant women in the United Kingdom. Design: Serial unlinked serosurveillance for HIV-1 in neonatal specimens and surveillance through registers of diagnosed maternal and paediatric infections from reporting by obstetricians, paediatricians, and microbiologists.
Introduction
Information about infection with human immunodeficiency virus among pregnant women is important for public health, obstetrics, and paediatrics. Time trends in maternal prevalence reflect the general prevalence of HIV infection, 1 and description of the characteristics of infected women whose children develop AIDS has informed the targeting of sexual health promotion and HIV testing. 2 3 In well resourced countries the numbers of vertically acquired HIV infections can be reduced greatly, 4 but effective intervention programmes depend on diagnosis of the mother's infection before the baby's birth. 5 Since 1992 it has been policy in the United Kingdom to offer every pregnant woman voluntary confidential antenatal HIV testing wherever maternal HIV prevalence is high, and elsewhere to offer testing to women at increased risk. 6 7 We investigated time trends in the prevalence of HIV-1 infection in the United Kingdom in the mothers of newborn babies through unlinked testing of heel prick blood specimens. 8 We also describe characteristics of mothers reported to have been diagnosed as infected with HIV (surveillance data) and give the proportions of all HIV-1 infections in pregnant women accounted for by these data.
Methods
Data are presented for births in the United Kingdom in the period 1988 to 1996; sources are given below. Primary analyses were based on maternal residence in three recognised geographical divisions: London, Scotland, and the rest of the United Kingdom. These coincide with the distribution of the two major routes for HIV infection of women with AIDS in the United Kingdom: heterosexual exposure abroad (predominantly in sub-Saharan Africa), which predominates in London, and injecting drug use (either by the woman or her sexual partner), which predominates in Scotland; both are important in the rest of the United Kingdom. [2] [3] [4] [5] [6] [7] [8] [9] [10] Secondary analyses made were of inner versus outer London, metropolitan England (outside London) versus non-metropolitan England, and Edinburgh and Dundee versus the rest of Scotland. 
See editorial by Mercey

AIDS and Sexually
Prevalence (unlinked) data
The prevalence of HIV-1 infection among pregnant women proceeding to live birth was derived from unlinked surveys using residual dried blood spot samples remaining after metabolic screening of newborn infants. The surveys began in 1988 and since 1994 have covered approximately 70% of the United Kingdom cohort of births including London and south east England, most other metropolitan areas, and all of Scotland. Details of methods, laboratory techniques, regional coverage, and completeness are described elsewhere.
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Surveillance (linked) data
The numbers of HIV-1 infections diagnosed in mothers and children with vertically acquired AIDS (mother to child transmission of HIV-1), their characteristics, and maternal exposure categories were based on voluntary confidential reporting by obstetricians, paediatricians, other clinicians, and microbiologists. [13] [14] [15] [16] Children with lymphoid interstitial pneumonitis as the sole AIDS defining condition were not included among those with AIDS as this condition does not indicate severe HIV disease.
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Proportions of maternal HIV-1 infections diagnosed
Estimates of the proportions of infections diagnosed before and during antenatal care were based on obstetricians' reporting of HIV infected pregnant women (surveillance data) in areas and time periods where unlinked surveys had been under way. 15 Grouped logistic regression was used to examine and express time trends in HIV prevalence and the diagnosis rates of HIV-1 infected mothers over time. The data were analysed within the predefined geographical strata, and both linear and polynomial functions of time were fitted. Normalised (deviance) residuals were inspected to assess the adequacy of fitted models. All P values reported are two tailed.
Results
Prevalence of HIV-1 in newborns
The prevalence of HIV-1 in newborn infants (unlinked data) was determined from 3 080 632 blood samples. HIV-1 seropositivity was confirmed in 1459 samples (0.047%) ( (table 1) , and there was evidence of curvature in the graph describing the rise (P < 0.001) (fig), consistent with a slowing of the rise in London over that period. These time trends were essentially the same when the analysis was confined to the areas of London that had participated throughout the period of study. 11 Overall prevalences in Scotland and the rest of the United Kingdom were low and did not change with time (fig; table 1 ). However, prevalence was high initially in Edinburgh and Dundee and then declined from 0.22% (16 of 7406) in 1990 to 0.088% (6 of 6810) in 1996, an average odds ratio for the decline of 0.88 per year (0.75 to 1.02). In addition, 11 741 samples (0.380%) could not be tested because insufficient specimen remained after completion of clinical testing, and 7866 samples (0.028%) were not tested because of objection. The sporadic occurrence of objections indicated that they were unlikely to be biasing results. 11 Fifty four of the 116 participating health districts and health boards had at least one HIV-1 positive sample. *Includes data from an antenatal survey. A small but significant rise took place in non-metropolitan England (average annual odds ratio for rise = 1.13; 1.01 to 1.26) from one infection among 20 649 (0.005%) specimens in 1988 to 0.016% (38 of 232 374) in 1996. When data were confined to the centres that had participated from 1990 onwards the rise was still significant (odds ratio 1.19; 1.04 to 1.35) . No significant time trends were seen in metropolitan England or Scotland outside Edinburgh and Dundee.
In 1996 the highest prevalences occurred for newborns of mothers in inner London (0.30%, 132 of 44 153) followed by outer London (0.11%, 68 of 60 513) and Edinburgh and Dundee (0.088%, 6 of 6810), where they were five times higher than in the rest of Scotland (0.0017%, 9 of 52 729) (P = 0.001). In 1996, levels of infection in Scotland and the rest of the United Kingdom were respectively eight and 12 times lower than the level in London (table 1) . Prevalence in metropolitan England outside London (0.016%, 18 of 115 033), non-metropolitan England (0.016%, 38 of 232 374), and the rest of Scotland (0.0017; 9 of 52 729) did not differ significantly (P = 0.98).
It was assumed that the prevalences in the areas of the United Kingdom not included in the dried blood spot surveys 13 were the same as in England outside of London and south east England. Applying the observed 1996 prevalences to the numbers of registered births gave an estimated 307 (299 to 318) live births in 1996 to HIV-1 infected women in the United Kingdom: 65% in London, 5% in Scotland, and 30% in the rest of the United Kingdom.
Characteristics of mothers diagnosed as infected with HIV-1
Surveillance (linked) data show that during 1988-96, 797 live births to HIV-1 infected mothers in the United Kingdom were reported (table 2) . Mothers who had probably been infected heterosexually abroad accounted for 58% (461 births), and mothers who themselves injected drugs (151 births) or whose partners did (59 births) accounted for another 26%. Only 6% of births (49) were to mothers apparently infected heterosexually in the United Kingdom by a man without a known history of high risk (table 2) . Numbers of births to infected mothers in this category increased from 10 in 1988-92 to 39 in 1993-6, while numbers associated with drug injecting declined from 140 in 1988-92 to 70 in 1993-6 in the United Kingdom as a whole; in Scotland the reduction was greatest (from 67 to 33).
The distribution of maternal exposure categories for vertically acquired HIV infections that had progressed to AIDS was not subject to the biases associated with voluntary confidential HIV testing. This distribution gives the best available indication of the relative contribution of different routes of maternal infection. 2 The child's ethnic group is also not affected by these biases. 2 In London 89% (83 of 93) of AIDS cases were in children born to mothers heterosexually exposed abroad, whereas in Scotland injecting drug use accounted for three of the five cases of vertically acquired paediatric AIDS. In the rest of the United Kingdom maternal heterosexual exposure abroad accounted for 50% (15/30) and injecting drug use for 23% (7/30) of cases of vertically acquired AIDS. Maternal heterosexual exposure in the United Kingdom accounted for only 5% (6/128) of the paediatric AIDS cases (table 2) .
The child's (and hence the mother's) ethnic group was reported as black African in 351 of 797 births. After exclusion of 134 cases without ethnic group data, this represented 53% (351/5663) of the total. The proportion was significantly higher (68%; 85 of 126) (P < 0.001) for paediatric AIDS cases (table 3) . Only 79 reported births to infected mothers (12%) and 16 cases of AIDS (13%) including those cases reported of mixed race were among other ethnic minority groups. Eighty nine per cent (344 of 387 with ethnic group reported) of births to mothers probably infected heterosexually Other or undetermined route 9 0 3 0 1 4 3 4 6 3 *Acquired through mother to child transmission of HIV and excluding AIDS diagnosis based on lymphoid interstitial pneumonitis (an unreliable indicator of severe disease). 19 †An additional 98 children reported as born in 1988-96 outside the United Kingdom are not included in this report. ‡Includes cases of heterosexually exposed partner from a high prevalence country. §Countries where HIV is common and heterosexual intercourse is the predominant mode of transmission.
abroad were in black African women. The proportion was higher for those who had progressed to AIDS (94% (85/90); P = 0.06). In London black African women predominated and the number of births to African mothers diagnosed as HIV-1 infected in 1993-6 was one and a half times that in 1988-92 (187 v 135) despite there being no increase in the overall proportion diagnosed (see table 4 ). In Scotland the numbers of births of newborns positive for HIV-1 declined and were almost entirely among white mothers, while in the rest of the United Kingdom both ethnic groups were important (table 3) and numbers remained unchanged over time (45 white and 13 black African in 1988-92; 31 white and 14 black African in 1993-6).
Proportions of maternal infections diagnosed before the birth
Between 1988 and 1996 the unlinked surveys detected 1459 births to HIV-1 infected mothers. Only 23% (340 births) were to mothers whose infection had been reported as diagnosed before the birth. Among these, diagnosis had been made before pregnancy in 218 cases, 15% of the total. Of the 1241 births to infected mothers whose infections had not been detected previously, 122 had been diagnosed while the mother was receiving care in pregnancy, an overall antenatal detection rate of 10% (table 4). Antenatal detection rates were 10% in London and 7% in the rest of the United Kingdom. Detection rates were significantly higher in Scotland, largely due to high rates in Edinburgh and Dundee. There was no evidence that detection rates changed over time in any area (P = 0.91) ( 
Discussion
Trends in prevalence and mothers' routes of infection
The continued raised prevalence of HIV-1 infection among mothers in London is disturbing, especially because HIV positive women who are aware of their infection are more likely to seek a termination, and surveillance using neonatal dried blood spots will thus tend to underestimate the absolute burden of HIV infection among women. 18 19 The high proportion of infected women who are African is apparent and justifies policies to improve HIV services for the black African community. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] A diminishing proportion of maternal infections attributable to injecting drugs is consistent with other indications of low rates of HIV transmission though this route. [13] [14] [15] [16] [17] [18] [19] [20] However, it is less clear how infections in other women have contributed to the rise from 1988 onwards. The data cannot exclude the possibility of a rise in prevalence among women who acquire their infection in the United Kingdom, and the extent of heterosexual HIV transmission in this group is probably underestimated in data on diagnosed infections since a woman exposed to infection both in Africa and the United Kingdom is assumed to have been infected abroad. 21 Gathering data on ethnic group or country of birth (the latter is already under way in surveys of attenders of sexually transmitted diseases clinics) would greatly increase the value of the unlinked data. [10] [11] [12] [13] Though there has been no overall rise outside London, the increases in prevalence in nonmetropolitan England and in reports of births to mothers infected heterosexually in the United Kingdom indicate the importance of maintaining surveillance. Equally, intensification of HIV transmission in South Asia 22 may result in HIV appearing in Asian communities in the United Kingdom, and this will also require early detection.
Impact of diagnostic testing policies
The success of the international trial of zidovudine 4 and of other initiatives, such as discouraging breast feeding, in reducing mother to child transmission make it a matter of public health concern that the Department of Health policies to enhance antenatal voluntary confidential HIV testing 6 have had so little impact. 23 Increased detection in London could prevent nearly three quarters of paediatric HIV infections (estimated to be around 40 per year). 24 However, only a few hospitals have begun to offer testing to all pregnant women. [23] [24] [25] A selective approach in London is unlikely to be completely successful, not least because offering HIV testing only to black African women would have missed 16% (15 of 91) of women whose children developed AIDS (table 3). The new finding that more than a third of births to infected mothers take place outside London indicates the need to implement antenatal testing elsewhere in England, though it is unclear whether a universal testing policy would be cost effective in areas of low prevalence. 26 27 If diagnosis rates remain low, the numbers of vertically acquired infections in the United Kingdom will increase substantially. 28 Women who know they are HIV infected wish to avoid having an infected child, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] but to achieve this, diagnostic antenatal HIV testing must be more available and accessible, especially in London. [27] [28] [29] [30] [31] It is unfortunate (and inequitable) that whether a mother is offered HIV testing depends on which London hospital she attends 23 and which professional she sees. 32 Edinburgh and Dundee are identifying higher proportions of infected women, 27 and several other European countries and the United States test substantial proportions of women antenatally. 33 France, where since 1993 by law all pregnant women are offered HIV testing, 27 has been especially successful in reducing its rate of paediatric AIDS. 34 A similar legislative approach has been undertaken in the Netherlands. 35 In the United States testing and identification improved, even in inner city areas, after inter-professional guidelines were produced soon after the zidovudine trial, and the incidence of vertically acquired AIDS is declining nationally. 38 Through the efforts of obstetricians, paediatricians, pathologists, and public health officials, surveillance in the United Kingdom for HIV among children and pregnant women has become highly effective. A system is in place that will provide timely detection of changes and will monitor the success or otherwise of interventions designed to reduce maternal and paediatric HIV infections.
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Key messages
x HIV-1 infections among pregnant women are commonest in London but they are found in all parts of the United Kingdom 
